Background: : A number of association studies have been carried out to investigate the relationship between genetic polymorphisms in DNA repair genes and response to radiotherapy-based multimodality treatment of patients with rectal cancer. However, their conclusions were inconsistent. The objective of the present study was to assess the role of DNA repair gene genetic polymorphisms in predicting genetic biomarkers of the response in rectal cancer patients treated with neoadjuvant chemoradiation. Materials and Methods: Studies were retrieved by searching the PubMed database, Cochrane Library, Embase, and ISI Web of Knowledge. We conducted a meta-analysis to evaluate the association between genetic polymorphisms and the response in rectal cancer treated with neoadjuvant chemoradiation by checking odds ratios (ORs) and 95% confidence intervals (CIs). Results: Data were extracted from 5 clinical studies for this meta-analysis. The results showed that XRCC1 RS25487, XRCC1 RS179978, XRCC3 RS861539, ERCC1 RS11615 and ERCC2 RS13181 were not associated with the response in the radiotherapy-based multimodality treatment of patients with rectal cancer (p>0.05). Conclusions: This study shows that DNA repair gene common genetic polymorphisms are not significantly correlated with the radiotherapy-based multimodality treatment in rectal cancer patients.
Introduction
In recent 10 years, the incidence of rectal cancer is rise on the trend (Jemal et al., 2010) . Rectal cancer represents a common and severe gastrointestinal illness, which has the high risk of locoregional recurrence and the development of distant metastasis (Lamas et al., 2012) . Surgery remains the bulwarks of treatment for rectal cancer throughout the world (Rajput and Bullard Dunn, 2007) . But the overall 5-year survival rate hovers around 50% (Kockerling et al., 1998) . The local recurrence of rectal cancer is the main reason for the failure of rectal cancer treatment (Rodel et al., 2005; Vecchio et al., 2005) . With the equipment of radiotherapy update, the development of the radiation technology and the radiation biology was rapid (Camma et al., 2000) . The latter plays an important role as more than half of the cancer patients with radiotherapy (Borchiellini et al., 2012; Kerns et al., 2014) . Recent studies paid more attention to combine with surgery, radiotherapy, and chemotherapy for the treatments of rectal cancer (Roh et al., 2009) . Radiotherapy is an important means of adjuvant therapy for rectal cancer and also important means of palliative care for advanced rectal cancer (Kapiteijn et (Bouzourene et al., 2002) . Preoperative radiotherapy is superior to the postoperative radiotherapy (Sauer et al., 2004) . With the wide application of radiotherapy in rectal cancer, more and more studies have found clinical efficacy and adverse effects of radiotherapy showed significant individual difference (Read et al., 2001) . Although the detail mechanisms for individual difference in radiotherapy remained unknown, genetic polymorphisms were demonstrated to be one of the major factors influencing the radiotherapy, especially the genetic polymorphisms of DNA repair genes (Gordon et al., 2006; Terrazzino et al., 2006) . DNA damage response plays a significant role in the biological effects of radiotherapy. A major part of cellular damage to radiotherapy is related to direct DNA damage. Therefore, DNA repair genes with functional mutations may affect the sensitivity of irradiation, which affects the effect and toxicity of radiotherapy. If the gene mutation associated with poor DNA-repair ability, which should lead to increased sensitivity to irradiation, and may be increase radiotherapy efficacy, even though could be induced radiotherapy toxicity. Several studies assessed the impact of DNA repair gene polymorphisms on radiotherapy efficacy, especially XRCC-family genes (XRCC1 and XRCC3) and ERCCfamily genes (ERCC1 and ERCC2) polymorphisms (Balboa et al., 2010) . Although there are many studies reported that XRCC1, XRCC3, ERCC1 and ERCC2 genes common polymorphisms influence on individual differences of therapeutic efficacy of radiotherapy for rectal cancer, but the results are often not unified (Balboa et al., 2010; Lamas et al., 2012) . For example, Lamas et al. found X-ray-repair-cross complementing 1 (XRCC1) rs25487 was significantly associated with the response of radiotherapy in rectal cancer while other studies presented not consistent (Balboa et al., 2010; Cecchin et al., 2010; Grimminger et al., 2010; Lamas et al., 2012) . One important reason might be the small number of patients.
The aim of this study is to provide a comprehensive assessment on the association between DNA repair genes (XRCC1, XRCC3, ERCC1 and ERCC2) genetic polymorphisms and the response of radiotherapy in rectal cancer. We collected all available publications on pharmacogenetic studies of radiotherapy-based multimodality treatment in rectal cancer, and quantitatively studied them using meta-analysis.
Materials and Methods

Literature search
Published articles were searched in four electronic databases included PubMed database, Cochrane Library, Embase, and ISI Web of Knowledge, screening all available information from the first available article to May 2014. Publications were retrieved using keywords included "radiotherapy" or "radiation therapy" or "irradiation", and ''polymorphism'' or ''SNP'' or ''single nucleotide polymorphism'' or ''mutation'' or ''variation'', and "rectal cancer" or "rectal carcinoma". The search was ascertained for only English language publications and was performed independently by two authors (G.C.X. and Y.G.P.). The identified articles were reviewed carefully and the differences between searchers were discussed and solved with consensus.
Publication selection criteria
Publications were prescreened and studies were included if they met the following applies:(a) patients with "rectal cancer" or "rectal carcinoma"; (b) trials had the radiotherapy-based multimodality treatment; (c) the data of TRG stratified by polymorphisms could be obtained from the original article or author. Studies were excluded if any of the following criteria: (a) the data of TRG reported in the paper was not specific to polymorphism or could not be attributed to a specific polymorphism; (b) repeated publications, abstracts, letters, or review articles.
Data extraction
Data was carefully extracted from all eligible papers independently by two authors (G.C.X. and Q.P.). The standardized form was used for each of the included studies, in which following information was collected: first author's name, publication year, ethnicity (country), total number of patients included in the study, treatment regimens, polymorphisms, and dbSNP number of investigated polymorphisms, genotyping methods, disease stage, and the number of TRG in different genotypes. Any discrepancies between extractors were discussed and solved with consensus.
Data analysis
Revman 5 was used to analyze data. A meta-analysis was conducted using a random effects model or fixed effects model of genetic polymorphisms and TRG in rectal cancer with the radiotherapy-based multimodality treatment. In the study, TRG grades were defined as following, grade 1: the absence of residual cancer; grade 2: the presence of rare residual cancer cells; grade 3: an increase in the number of residual cancer cells but with fibrosis predominating; grade 4: residual cancer outgrowing fibrosis; and grade 5: the absence of regressive changes (Mandard et al., 1994) . Patients were subdivided into two groups: the responders (TRG1 and TRG2) and the non-responders (TRG3, TRG4, andTRG5) (Mandard et al., 1994; Vecchio et al., 2005) .
We evaluated the influence of theXRCC1 (rs25487 and XRCC1 rs1799782), XRCC3 (rs861539), ERCC1 (rs11615), and ERCC2 (rs13181) variant on responders in rectal cancer with the radiotherapy-based multimodality treatment. The pooled odds ratio (OR) and associated 95% confidence interval (CI) did not include zero (for mean difference) or one (for odds ratio) were estimated. A statistical heterogeneity was evaluated by the Q-statistic, with a P value less than 0.05 considered significant heterogeneity. If P>0.05, individual study effects were pooled using a fixed effects model using the Mantel-Haenszel method (Mantel and Haenszel, 1959) . Otherwise, the pooled OR and P values were calculated by the random-effect model using DerSimonian and Laird method was selected to pool the results, yielding wider CIs (DerSimonian and Laird, 1986; DerSimonian and Kacker, 2007) . The relationship between OR and SE (log [OR]) was analyzed using funnel plot to control publication bias. If funnel plots were lack of symmetry, begg's test and egger's test were also calculated using Stata 12.0software (Stata Corp LP, College Station, USA) to further assessed publication bias (Begg and Mazumdar, 1994; Egger et al., 1997) . We assessed potential publication bias by using a funnel plot and Egger's test. When the Egger's test was significant (P>0.05), a trim and fill method was used to adjust for publication bias.
Results
Study inclusion and characteristics
A total of 56 documents were retrieved. After application of critical search strategies and exclusion criteria, 5 studies with enough data were eligible for this meta-analysis. These publications included: 4 were relevant to XRCC1 rs25487, 2 were XRCC1 rs179978, 3 were XRCC3 rs861539, 3 were ERCC1 rs11615, and 2 focused on ERCC2 rs13181. The baseline characteristics of the studies were summarized in Table1. All included studies were published from 2007 to 2012, of which DOI:http://dx.doi.org/10.7314/APJCP.2015.16.2.713 DNA Repair Gene Polymorphisms and Therapeutic Response in Rectal Cancer all papers were performed on Caucasian patients. No evidence of publication bias was detected in the funnel plots of all meta-analysis by visual inspection.
XRCC1 and the response of radiotherapy in rectal cancer
To investigate the association between the XRCC1 RS25487 genotype and the response, four studies were evaluated in this meta-analysis (Figure 1) , including a total of 474 patients, the response in the GG and GA+AA genotype group were 48.48% and 45.65%, respectively. Because there was significant heterogeneity among these studies (p=0.03, I 2 =67%), we used a random-effect model to combine these results. The result showed that this polymorphism was not correlated with the response (OR=1.19, 95%CI: 0.59-2.41, p=0.63) (Figure 2A) .
Another XRCC1 polymorphism also evaluated in this meta-analysis was RS1799782 (C>T). The response 2 =0%), we selected using a fixed -effect model. It found that this SNP was also not associated with the response (OR=1.27, 95%CI: 0.60-2.68, p=0.53) ( Figure 2B ).
XRCC3 RS861539 and the response of radiotherapy in rectal cancer
We investigated the association of the XRCC3 RS861539 genetic polymorphism with the response in three trials. The response rates were in the present study 50.00% and 59.53% for CC and CT+TT genotype. The fixed-effect model was selected by heterogeneity test (p=0.38, I 2 =0%). The result indicated that RS861539 was not associated with the response (OR=0.89, 95%CI: 0.56-1.44, p=0.65) ( Figure 2C ).
ERCC1 RS11615 and the response of radiotherapy in rectal cancer
Three studies appraised the association between ERCC1 (RS11615) genetic polymorphisms and the response in rectal cancer patients treated with neoadjuvant chemoradiation. 391 subjects (CC genotype and CT+TT genotype carriers) were elected to a meta-analysis on these studies. No heterogeneity (p=0.59, I 2 = 0%) among these studies was found, and we used a fixed-effects model. Pooling data from these studies revealed 54.35% and 48.99% the response in CC genotype and CT+TT genotype group, respectively. No significant associations was detected between ERCC1 (RS11615) and the response (OR=1.25, 95%CI: 0.67-2.31, p=0.48) in the metaanalysis ( Figure 3A) .
ERCC2 RS13181 and the response of radiotherapy in rectal cancer
ERCC2 RS13181genetic polymorphism was investigated in two trials, including a total of 303 patients.
The response rates in the AA and AC+CC genotype group were 51.59% and 49.72%, respectively. The fixed-effect model was selected by heterogeneity test (p=0.49, I 2 =0%). The result indicated that this genetic polymorphism was no significantly correlated with the response (OR=1.07, 95% CI: 0.68-1.70, p=0.76) ( Figure 3B ).
Discussion
In this study, we investigated the relationship between DNA repair genes (XRCC1, XRCC1, XRCC3, ERCC1, and ERCC2) common genetic polymorphisms and the response in rectal cancer patients treated with neoadjuvant chemoradiation. The results showed that XRCC1 rs25487, XRCC1 rs179978, XRCC3 rs861539, ERCC1rs11615, and ERCC2 rs13181were not correlated with the response in rectal cancer patients treated with neoadjuvant chemoradiation.
DNA is the main target molecule of ionizing radiation. DNA structure was altered by direct damage of ionizing radiation and indirectly damage of free radicals from ionizing radiation. The level of DNA damage repair capacity is an important factor affecting the radiosensitivity. For DNA damage repair, there are four major signaling pathways known: the base excision repair (BER), the nucleotide excision repair (NER), the mismatch repair (MMR), and the double strand break repair (DSBR) (Yu et al., 1999; Wood et al., 2001 ). The BER pathway and NER are important for the repair of damaged (Hoeijmakers, 2001) . Genetic polymorphisms of genes in DNA repair pathways, will lead to repair activity changes, affecting the efficacy and adverse effects of the radiosensitivity. In the present study, it is interesting that four gene (XRCC1, XRCC3, ERCC1, and ERCC3) genetic polymorphisms.
X-ray repair cross-complementing protein 1 (XRCC1) as one of the most important proteins that plays a key role in the steps of the BER pathway, where it functions The result showed that ERCC1 RS11615 and ERCC2 RS13181 were not associated with the response in the radiotherapy-based multimodality treatment of patients with rectal cancer (p>0.05) DOI:http://dx.doi.org/10.7314/APJCP.2015.16.2.713 DNA Repair Gene Polymorphisms and Therapeutic Response in Rectal Cancer as a facilitator and coordinator through interaction with DNA polymerases, DNA ligase III and poly ADP -ribose polymerase (PARP) (Masson et al., 1998; Thompson and West, 2000) .
Three mainly single nucleotide polymorphisms in XRCC1 were reported. Three polymorphisms are known in the XRCC1 gene: codon 194 (Arg194Trp, C>T, rs1799782), 280 (Arg280His, G>A, rs25489), and 399(Arg399Gln, G>A, rs25487) (Shen et al., 1998) . These variations may affect the activity of XRCC1 protein.
Among them, rs25487 and rs1799782 research in rectal cancer with radiotherapy.
XRCC1 rs25487 at codon 399 was associated with response to platinum-based neoadjuvant chemotherapy in cervical carcinoma patients, since the SNP may have an influence on the expression of XRCC1gene (Cheng et al., 2009 ). However, Meta-analysis showed that XRCC1 rs25487 not be correlated with the response in rectal cancer patients treated with neoadjuvant chemoradiation. Metaanalysis found that rs1799782 also is not related to rectal cancer with radiation therapy. Rs25487 and rs1799782 might not be useful as predictive genetic and molecular markers of rectal tumor response.
X-ray repair cross complementing gene 3 (XRCC3) as the DSB repair-related gene, which encodes a protein that is an important member of the pathway in homologous recombination of homologous recombination (HR). XRCC3 rs861539 (C>T) genetic polymorphism is a non-coding polymorphism in the 5'UTR of the gene. Cecchin, etal found that rs861539 is a protective role toward radiation injury, with decreased tumor response in patients carrying the polymorphism (Cecchin et al., 2010) . Peter etal found that no significant associations were detected between rs861539 and the response in rectal cancer patients treated with neoadjuvant chemoradiation (Grimminger et al., 2010) . Other studies have found no data are available up to date on the effect of rs861539 on tumor response to radiation (Hu-Lieskovan et al., 2011) . Meta-analysis found that rs861539 is not association with rectal cancer with radiation therapy.
Excision repair cross-complementing 1 (ERCC1) is a highly conserved single stranded DNA endonuclease, which is an important part of the NER pathway. Studies have found that ERCC1 (rs11615) gene polymorphisms reveals a significant correlation with response and survival in patients with adenocarcinoma of the esophagus treated with a neoadjuvant radiochemotherapy (Metzger et al., 2012) . However, in patients with rectal cancer, we found that rs11615 is no significant correlation with response with a neoadjuvant radiochemotherapy.
Xerodermapigmentosum group D (XPD) gene is also known as excision repair cross-complementing group2 (ERCC2) gene. ERCC2 is an evolutionary conservative DNA helicase, which is an important link of nucleotide excision repair pathways, involved in nucleotide excision repair and bases of transcription. Studies have found that ERCC2 RS13181 can predict clinical outcome in oral squamous cell carcinoma patients and in soft-tissue sarcoma patients treated with postoperative radiotherapy (Mahimkar et al., 2012; Szkandera et al., 2013) . However, in patients with rectal cancer, we found that no association between RS13181 and response with a neoadjuvant radiochemotherapy. A reason might be tumor heterogeneity in between soft-tissue sarcoma and rectal cancer.
DNA repair genes polymorphisms might be an important influence to the response with radiotherapy. However, the mate-analysis has not found that DNA repair genes polymorphisms are better predictors. Several reasons might be expected in this type of study. One reason might be the small number of patients. A second reason might be tumor heterogeneity. A third reason might be ethnic variations. A fourth reason might be research method. Most pharmacogenetic studies interesting used candidate gene methods, which focus on a limited number of genotypes with known functions. Therefore, in the future, a number of prospective studies and randomized, controlled pharmacogenetic trials have will be performed in different ethnic groups.
In conclusion, the present study reveals that DNA repair genes common genetic polymorphisms are not significantly correlated with neoadjuvant chemoradiation in rectal cancer patients. 
